I. INTRODUCTION
The main focus of recent scientific researches that are relevant to renewable energy resources, such as photovoltaic (PV) and wind power systems has been on academic, environmental and industrial issues [1] [2] [3] . High costs and restriction of non-renewable energies have been led to the use of clean energies. The level of energy which is generated by PVs is deeply small. Hence, it is crucial to using DC-DC converters to solve this and other limitations of the PVs and total of green energies [4] [5] [6] [7] .
To achieve high voltage gains, several DC-DC converters have been proposed in PV systems. Classical boost and buckboost converters need high duty ratios. The highest voltage gain that can be received is constrained by the parasitic resistive components in the circuit and the efficiency is strongly decreased for high duty ratios. The reverse recovery problems for the diode are caused the diode conducts for a short space of time [8] . Typically, high frequency transformers or coupled inductors are used to achieve high voltage conversion ratios [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . But the transformer design is complex and leakage inductances boost for getting higher gains, as it necessitates bigger number of winding turns. This leads to voltage spikes across the switches and voltage clamping techniques are essential to restrict voltage stresses on the power switches. Subsequently, it makes the design difficult.
To overcome these limitations, several diverse DC-DC converters have been suggested that can supply larger voltage gain than usual DC-DC converters. For instance, the interleaved-boost converters [19, 20] , soft-switching-boost converters [21] and voltage-multiplier converters [22, 26] . It is obvious that the other kinds of high step-up converters are according to the mixture of these structures which have been presented recently [27] [28] [29] [30] [31] . All above topologies have some profits and drawbacks.
The voltage-multiplier converter is one of the most noticeable kinds of high voltage gain converters. The input and output voltage level of this converter is stable. Low weight, small size, high power density and high efficiency are the main benefits of this topology. Nevertheless, the voltage gain which is received, is constant. As a result, regulation of the output voltage is not possible because of depending on the input voltage. Moreover, due to employment of a vast majority of components in voltage-multipliers, the costs and circuit size are increased.
In this paper, a novel extended SEPIC (Single-Ended Primary-Inductor Converter) converter with high voltage gain is introduced to solve above mentioned limitations. The proposed dc-dc converter uses minimum number of components and its input current is continuous. The operation modes, power losses, comparative studies, and simulation works are illustrated in depth.
II. CIRCUIT DISCRIPTION

A. Proposed topology configuration
In the switched-capacitor converters, capacitors transmit energy from the input to the output side. Via the highfrequency switching activities, the capacitors will be precisely connected with the power switches in series or in parallel. By considering to this point, in this paper, the proposed topology has been combined from an extended switched-capacitor and a SEPIC converter. Fig. 1 shows the studied topology which includes two modules. The extended switched-capacitor converter is in the first module and the SEPIC converter is in the second module. First module consists of m capacitors (C1, C2, … , Cm), m+1 power switches S1, S2, … , Sm, St, 2m power diodes (Dx1, Dx2, … , Dxm, Dy1, Dy2, … , Dym) and a dc voltage source (Vin). Moreover, the SEPIC converter is composed of a switch (S), two inductors (L1, L2), two capacitors (CS, CO), a diode (DO) and a resistive load (RL). According to Fig. 1 , the dc input voltage of the proposed converter is a PV source. Therefore, the output voltage of PV is always low. This converter can be effective to overcome some limitations like following problems:
• Discontinuous input current. 
B. Switching states analysis
For the theoretical analysis, it is assumed that all switches, diodes, inductors and capacitors are ideal. The proposed converter has two operating modes during each switching period. Fig. 2 . The instant t=0 is the starting time point of this subinterval, all power switches S1, S2, … ,Sm and S are turned on while the diodes Dx1, Dx2, … , Dxm, Dy1, Dy2, … , Dym, DO and St are turned off so the inductors L1 and L2 are charged. The voltage across CS is equaled Vz. CO provides required energy of the load. Therefore, the voltage Vz is obtained as:
The equivalent circuit of this mode is shown in Fig. 3 . At t=DT, S1, S2, … ,Sm and S are turned off and the switch St and the diodes Dx1, Dx2,…, Dxm, Dy1, Dy2, … , Dym, DO are turned on. Then, the capacitors C1, C2, … ,Cm will be parallel and they are charged by the voltage Vin. Also, CS, CO and L1, L2 are charged and discharged, respectively. 
C. Voltage gain
To obtain the voltage gain we have to use operating modes in this paper because it is a most important parameters in a boost DC-DC converter and it should be high in order to large efficiency and low losses.
It is obvious that the average voltage of inductors L1 and L2 at the beginning and the end are zero. Then, 0 0 0
By solving (2), we will have:
Thus, VO will be obtained as following:
As considered to Fig.1 , Vz is the input voltage of the SEPIC converter and the output of the switched-capacitor as well which is
Which m is the number of capacitors C1, … ,Cm. By using (4), (5), the voltage gain of proposed topology is calculated as:
Which, D is the duty cycle of the switch S.
III. PARAMETERS DESIGN
To calculate the most significant parameters of the proposed converter, using the switching modes and the key waveforms is inevitable. The amounts of components like capacitors, inductors, and the total voltage rating of the switches are calculated in this section.
A. The values of inductors
In this section, the values of L1 and L2 are computed. The inductors L1 and L2 are charged in first mode and discharged in second one. Therefore, they can be obtained as:
Where,
is one switching cycle, and ton is the time in
The current ripple of inductor L1 is computed by:
Then, the inductor L1 is obtained.
Similarly, ΔIL2 and L2 are equaled by:
Then,
B. The values of capacitors In order to get the amounts of capacitors C1, …, Cm, it is evident that these capacitors are in series in first mode and in parallel in the second mode. Based on Fig. 2 , the flowing current through these capacitors is the same. It means:
Moreover, according to Fig. 3 , the voltage across all capacitors is equaled by:
The output current IO, according to the Ohm law equals:
By using (18) and (19) 
Then, the values of capacitors by utilizing (20) are computed.
Taking into account the ideal components, the input current of the proposed structure (Iin) can be expressed as:
C. Total voltage rating of switches
Total voltage rating of switches (TVRS) is a significant parameter in a power electronic converter. Decrease of the TVRS will be led to decrease in costs. The whole voltage rating of S1, …, Sm which is VSi equals:
The voltage rating of the switch St (VSt) is calculated by:
Moreover, the voltage rating of the SEPIC converter switch S (VS) is expressed as:
By using (23)- (26), the proposed topology TVRS equals:
IV. POWER LOSSES
In the proposed converter, each switch has two kinds of losses that are called conduction and switching losses. Meanwhile, some other losses exist in the switches like capacitance and diode losses. However, the value of them is negligible and less than conduction and switching losses. Thus, in this section, these two losses (conduction and switching losses) are calculated. In general, for a switch the conduction loss is determined by its voltage. 
To obtain the switching losses for the presented converter, the switches voltage rating values are required. Totally, for a specific switch, the switching losses is calculated as:
Where Vs and Is represent the voltage of a switch and its flowing current in two operating modes. The total switching losses in proposed structure (Psw), is obtained by:
Where they are switching losses of the switches Si, St and S, respectively. These parameters are equaled as:
Hence, the total losses of the proposed converter (PLoss) are sum of the conduction and the switching losses as follows:
V. COMPARISON STUDIES.
In order to make the analysis clearly and to clarify the feature of the proposed converter, some comparisons are discussed here. The number of used switches, voltage gain and other features are compared in Table. I. According to this comparison list, it is clear that the input current of proposed topology is continuous. Nevertheless, in the other topologies, it is discontinuous. Meanwhile, the number of used switches and their TVRS in the proposed converter is less than the others which it is led to reduction of costs. Because, in a power converter, the cost is relevant to the number of employed switches and the voltage rating of switches. This advantage is caused light weight and easy control. Capability of voltage regulation is a significant feature that only the proposed structure can be set the output voltage by using duty cycle of the switches in each voltage level and tracking maximum power point of PV panels.
Moreover, the number of utilized charging capacitors in the proposed converter and the introduced topology in [24] are the same, but it is less than the suggested topology in [25] .
The output voltage in the proposed structures in [24] , [25] is constant. However, in the presented topology of this paper is different. Based on these descriptions, the proposed structure has better performance than the others and all above explanations prove this fact.
VI. SIMULATION RESULTS
To verify the analytical results, the proposed converter has been simulated for m=3 on the PSCAD. Fig. 5 indicates the simulated circuit. It is clear that in the simulated topology all employed components have been selected with suitable values in order to transfer energy to the output side with high efficiency and low losses. The converter is designed to operate with PV systems. The values of the utilized components in simulation are listed in Table II . Fig. 6 presents the current waveforms of inductors L1 and L2 which shows charge and discharge periods. According to this figure, it is easy to find out the input current of the introduced converter is continuous. Fig. 7 shows the output capacitor current waveform which provides the output load in the first mode and is charged in the second mode. Fig. 8 displays the voltage waveform across the power switches. These waveforms specify the voltage rating of the power switches. Fig. 8(a) indicates the voltage rating of the switch S1 which is nearly 30V. Obviously, the voltage rating waveforms of the other switches are alike to this figure. The voltage rating of the switch St is presented in Fig. 8(b) which is approximately 86V. Also, the voltage rating of the switch S is shown in Fig. 8(c) which is nearly 1250V. As a result, the voltage rating of the switch S is bigger than the others. In Fig. 9(a) , the voltage across the capacitor C1 is indicated which is same as other capacitors. Meanwhile, Fig. 9 (b) displays the voltage across capacitor CS which is -111.3V. Based on the simulation results, the efficiency of the proposed structure is %95.8. It means that some of the input power which is transfer to the load side is lost that it is less than %5 in the proposed topology. This efficiency in comparison with the other similar structures has improved. Therefore, this topology is suitable for renewable energy applications especially PV systems. The waveform of the output voltage is shown in Fig. 10 which is 1150V. VII. CONCLUSION This paper proposed a novel extended SEPIC converter. Switching modes and mathematical analysis of the proposed topology were done. By employing the suggested topology, the drawbacks of multiplier topologies were reduced. The merits of this converter include: high voltage gain, continuous input current, and more desirable output voltage regulation. Moreover, the number of used components like power switches and charging capacitors decreased that it is led to easy control and low cost. These properties indicate the suggested structure is appropriate for PV systems. Also, the simulation results confirm the performance of the presented converter.
